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Abstract 

Background  Triglyceride glucose (TyG) index is a good surrogate biomarker to evaluate insulin resistance (IR). The 
study aimed to investigate whether the TyG index is related to the severity of diabetic foot ulcers (DFUs) in patients 
with type 2 diabetes mellitus (T2DM).

Methods  A total of 1059 T2DM patients were enrolled in this observational, retrospective, single-center study. TyG 
index was calculated as ln[fasting triglycerides (mg/dl) × fasting glucose (mg/ dl)/2]. The severity of DFUs was classi-
fied into mild-to-moderate DFUs (Wagner grade score < 3) and severe DFUs (Wagner grade score ≥ 3) based on Wag-
ner classification. Patients were stratified according to the tertiles of TyG index. Logistic regression models were 
implemented to explore the association between TyG index and the severity of DFUs. Subgroup analyses were used 
to verify the reliability of results.

Results  Compared with the reference lowest TyG tertile (T1), the highest tertile (T3) was associated with 0.377-
fold increased risk of prevalence of severe DFUs (odds ratio [OR] 1.377, 95% confidence interval [CI] 1.017–1.865) 
(P = 0.039). After adjusting for potential confounders, the multivariable-adjusted OR and 95% CI were 1.506 
(1.079–2.103) (P = 0.016) in patients with highest tertile. Moreover, subgroup analyses indicated that the association 
was stronger among men, patients with age ≥ 65 years, duration of diabetes more than 10 years, or without PAD.

Conclusions  Elevated TyG index is independently associated with severity of DFUs even after adjusting conventional 
confounders.
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Introduction
Diabetic foot ulcer (DFU), a severe complication with 
diabetes, usually occurs due to neuropathy and periph-
eral arterial disease (PAD) with a high global prevalence 
of 6.3% [1, 2]. Nearly 15% patients with diabetes were 
suffering a foot ulcer and the amputation rate of patients 
with diabetes is 15- to 40-fold higher compared to gen-
eral population, contributing to a high rate of non-trau-
matic lower extremity amputations [3, 4]. Identifying 
patients at risk of lower extremity amputation and early 
intervention are a concern for clinicians.

Insulin resistance (IR) means that insulin exerts unsat-
isfactory biological effect in both experimental and clini-
cal conditions. Previous studies have demonstrated that 
IR is one of the essential risk factors for cardiovascular 
disease [5], such as hypertension, vascular stiffness, as 
well as related to the progression of atherosclerosis [6, 7]. 
And it also can be closely associated with an advancing 
chronic kidney disease progress. [8, 9]. Hyperglycemia 
originated from IR in patients with diabetes are pre-
disposed to developing chronic wounds such as DFUs. 
Because IR could delay wound healing though interplay 
among impaired tissue regeneration, vasculopathy, neu-
ropathy and inflammation [10, 11].

Triglyceride glucose (TyG) index recently is used as a 
surrogate biomarker to evaluate IR due to it availability 
and inexpensiveness [12]. Hyperinsulinemic-euglycemic 
clamp (HIEC), as the gold standard to identify IR, how-
ever, was not put into practice as often because of its 
time-consuming and expensive [13]. And studies have 
shown that TyG index has a good correlation with IR 
assessed by HIEC and homeostasis model assessment of 

insulin resistance (HOMA-IR) [14, 15]. A reaseach con-
ducted by Vasques, A.C., et showed that TyG index had 
a better perfomance in predicting insulin resistance than 
HOMA-IR in a Brazilian population. [16]

To the best of our knowledge, the correlation between 
TyG index and severity of DFU is still unclear. Therefore, 
in this study we aim to clarify the relationship between 
the severity of DFU and TyG index in Southeast of China.

Method
Study population
Two thousand one hundred fifty-eight patients with dia-
betic foot ulcer (DFU) were retrospectively enrolled at 
the First Affiliated Hospital of Wenzhou Medical Univer-
sity between January 2016 to December 2020. A total of 
1100 patients were excluded due to following reasons: (a) 
patients were diagnosed with other types of diabetes mel-
litus, (b) patients were combined with other short-term 
life-threatening conditions, such as cancer, (c) medical 
records were incomplete or inaccurate (Fig. 1).

Data collection and definitions
Data on eligible patients were retrospectively extracted 
from the electronic medical system. Characteristics 
at admission, including age, gender, smoking history, 
drinking history, and body mass index (BMI). Periph-
eral venous blood samples including hemoglobin (Hb), 
albumin (ALB), HbA1c, total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C) 
were collected after overnight fasting (> 8 h) and meas-
ured in hospital laboratory department. Equation of 

Fig. 1  Flow chart of the study. T1DM, type 1 diabetes mellitus
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modification of diet in renal disease (MDRD) [17] was 
used to calculate estimated glomerular filtration rate 
(eGFR). Bilateral lower extremity arteries including fem-
oral artery, superficial femoral artery, popliteal artery, 
anterior tibial artery, posterior tibial artery, and dorsalis 
pedis artery of patients were examined by duplex ultra-
sonography and patients who had intima-media thick-
ness, plaque occurrence, stenosis, and filling defects in 
blood flow was defined as PAD and diagnosed by quali-
fied, experienced ultrasonic diagnostic experts [18]. 
The degree of severity of DFUs was subdivided accord-
ing to the Wagner classification (grade score 0–5) and 
categorized as mild-to-moderate DFUs (Wagner grade 
score < 3) and severe DFUs (Wagner grade score ≥ 3) 
[19]. The TyG index was calculated as ln[fasting triglyc-
erides (mg/dl) × fasting glucose (mg/ dl)/2].

Data analysis
Data normality was tested by Kolmogorov–Smirnov 
test. Continuous variables, described as mean ± stand-
ard deviation or median (interquartile range), were com-
pared using by one-way analysis of variance (ANOVA) 
or Kruskal Wallis. And categorical variables, expressed 
as number (percentage), were compared using Chi-
squared test or Mantel–Haenszel χ2 test. To estimate 
the association between TyG quartiles and Wagner 
classification(Wagner < 3 versus Wagner ≥ 3), logistic 
regression models were employed calculate odds ratios 
(ORs) and 95% confidence interval (CI). Finally, four 

multivariable regression models were constructed. Model 
1 was not adjusted. Model 2 was adjusted for age, and 
gender. Model 3 was adjusted for variables included in 
Model 2 and BMI, smoking, alcohol, PAD, duration of 
diabetes ≥ 10  years. Model 4 was adjusted for variables 
included in Model 3 and Hb, ALB, HbA1c, eGFR, TC, 
LDL-C, HDL-C. Subgroup analyses were implemented 
to further verify the robustness of the results. What’s 
more, the interaction between subgroups was conducted 
to assess the interaction among subgroups. All statisti-
cal analyses were performed using SPSS for Windows 
version 22, and a two-sided P < 0.05 was considered as 
significant.

Results
Baseline characteristics
The clinical characteristics of the study population 
were stratified into three groups according to their TyG 
index levels (tertile 1: ≤ 7.28, tertile 2: 7.28 ~ 7.90, tertile 
3: > 7.90). The baseline characteristics of the study popu-
lation were shown in Table 1. Significant difference was 
observed in patients with PAD (P = 0.004). Among the 
1059 patients, 756 patients had PAD as described above 
while the rest was normal in the lower limb arteries. Fur-
ther Significant difference was also observed high score 
DFUs (P = 0.039). The highest tertile tended to have 
higher Alb (P < 0.001) and lower eGFR (P < 0.001). Fur-
thermore, higher levels of HbA1c, TC, LDL-C were seen 
in the highest tertile.

Table 1  Clinical characteristics according to the TyG tertiles

BMI body mass index, PAD peripheral artery disease, HB hemoglobin, ALB albumin, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density 
lipoprotein cholesterol, eGFR estimated glomerular filtration rate

Variables Tertile 1(N = 353) Tertile 2(N = 356) Tertile 3(N = 350) p value

Age (years) 68 (59,74) 68 (59,75) 66 (58,73) 0.298

Male, n (%) 231 (65.4) 238 (66.9) 211 (60.3) 0.16

BMI (kg/m2) 23.7 (21.6,25.1) 23.4 (21.5,25.9) 23.4 (21.6,25.7) 0.917

Smoking, n (%) 95 (26.9) 118 (33.1) 90 (25.7) 0.418

Drinking, n (%) 94 (26.6) 116 (32.6) 81 (23.1) 0.067

PAD, n (%) 263 (74.5) 266 (74.7) 227 (64.9) 0.004

DFUs 0.039

  Mild-to-moderate DFUs, n (%) 153 (43.3) 139 (39.0) 125 (35.8)

  severe DFUs, n (%) 200 (56.7) 217 (61.0) 225 (64.2)

HB (g/L) 117 (102,128) 113 (101,127) 115 (104,129) 0.232

ALB (g/L) 33.4 (30.3,37.1) 33.3 (30.1,36.9) 35.1 (31.7,38.3)  < 0.001

HbA1c (%[mmol/mol]) 8.0 (7.1,9.6) 8.5 (7.4,10.1) 9.2 (8.1,11.0)  < 0.001

Duration of diabetes ≥ 10 years, n (%) 240 (68) 245 (68.8) 249 (71.1) 0.643

TC (mmol/L) 3.8 (3.1,4.9) 4.0 (3.3,4.8) 4.2 (3.4,5.1) 0.002

LDL-C (mmol/L) 2.0 (1.5,2.6) 2.2 (1.8,2.8) 2.4 (1.8,3.2)  < 0.001

HDL-C (mmol/L) 0.9 (0.8,1.0) 0.9 (0.7,1.1) 0.9 (0.7,1.1) 0.157

eGFR 96.9 (70.9,126.7) 89.5 (58.0,120.6) 82.5 (52.4,114.2)  < 0.001
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Logistic regression analysis between TyG index 
and severity of DFUs
The multivariable logistic analysis was performed 
to explore the relationship between TyG tertile and 
severity of DFUs (Table 2). Comparing with tertile 1 as 
reference, the tertile 3 was related to the presence of 
high score DFUs in the unadjusted model (OR = 1.377 
[95% CI: 1.017–1.865], P = 0.039). Furthermore, the 
significant difference of this association still existed in 
the fully adjusted model (OR = 1.506 [95% CI: 1.079–
2.103], P = 0.016).

Subgroup analysis on association between TyG index 
and severity of DFUs
To further investigate the impact of other risk factors 
on the association of TyG index with severity of DFUs, 
subgroup analyses were carried on according to the fol-
lowing stratification variables: age, sex, BMI, smoking, 
drinking and PAD. The results of subgroup analyses and 
interactions were summarized in Table 3. No additional 
interaction was observed between TyG index and sever-
ity of DFUs. More pronounced effects were found among 
men, patients with age ≥ 65  years, duration of diabetes 
more than 10 years, or without PAD.

Discussion
In this study, we retrospectively investigated the rela-
tionship between the TyG index and severity of DFUs 
in Southeast of China and revealed that the TyG index 
was significantly associated with the Wagner classifica-
tion, independent of conventional diabetic foot risk fac-
tors, including age, gender, BMI, smoking, alcohol, PAD, 
duration of diabetes ≥ 10 years, HB, ALB, HbA1c, eGFR, 
TC, LDL-C, HDL-C. Similar results were found in the 
subgroup analysis, further emphasizing the robustness 
of these associations. To our best knowledge, the present 
study is the first study to explore the relationship between 
the TyG index and the severity of DFUs.

TyG  index  is a simple surrogate  for  IR,  which  has 
been  implicated  as a  factor in  cardiovascular disease 
[20–23]. Accumulating retrospective studies have indi-
cated that high TyG index levels seemed to be associated 
with an increased risk of major adverse cardiovascular 
events (MACEs) [24–27]. Moreover, recent data showed 
that higher TyG index reflected a more severe IR and 
was associated with poor outcomes due to all-cause and 
cardiovascular disease in a non-linear manner [28–30], 
suggesting that insulin resistance plays a promoting role 
in the pathogenesis of cardiovascular and metabolic dis-
eases [31]. Furthermore, Zhao, S., et  al. [32] reported 
that an elevated TyG index was significantly related to a 
higher risk of both marco- and microvascular damage. 
This conclusion is in favor of the clinical importance of 
the TyG index in assessing peripheral vascular injury.

In the last years, the prevalence of PAD has been 
reported approximately in 65–70% of patients with 
ischaemic DFUs being a current issue for professionals 
involved in the management of diabetic foot disease [33]. 
Previous studies have reported the relationship between 
TyG index and PAD, which is one of pathogenesis of dia-
betic foot. A study of a small retrospective study of 71 
participants showed that TyG index was an independent 
biomarker of PAD [34]. Moreover Gao, J.W., et al. dem-
onstrated that Higher TyG index is independently asso-
ciated with an increased risk of incident PAD based on 
a large sample size of 12,320 PAD patients [35]. How-
ever, they draw a conclusion in their study based on a 
non-diabetic patient population. While in our study, we 
indeed found that higher TyG index was correlated to 
higher Wagner classification, which referred to the pres-
ence of more severe diabetic foot ulcers. Interestingly, no 
significant difference was observed in PAD in the logis-
tic regression models. This can be attributed to failure 
to adjust the mild PAD that may not influence the lower 
extremity blood flow because we didn’t stratify the sever-
ity of PAD.

Table 2  The relationship between TyG index and the severity of DFUs

Model 1 was unadjusted

Model 2 was adjusted for age, gender

Model 3 was adjusted for age, gender, BMI, smoking, alcohol, PAD, duration of diabetes ≥ 10 years

Model 4 was adjusted for age, gender, BMI, smoking, alcohol, PAD, duration of diabetes ≥ 10 years, HB, ALB, HbA1c, eGFR, serum lipid levels

Outcomes Model 1 Model 2 Model 3 Model 4

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

T1 Ref Ref Ref Ref

T2 1.194(0.885,1.611) 0.245 1.201(0.890,1.621) 0.231 1.232(0.911,1.667) 0.175 1.261(0.926,1.716) 0.141

T3 1.377(1.017,1.865) 0.039 1.372(1.012,1.860) 0.041 1.396(1.027,1.898) 0.033 1.506(1.079,2.103) 0.016
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Table 3  Subgroup analysis of the association between the TyG and DFUs

Variables No. of participants adjusted OR(95% CI) P P for interaction

Age 0.197

  < 65

    T1 133 Ref Ref

    T2 137 0.887(0.531,1.481) 0.646

    T3 153 1.059(0.637,1.762) 0.824

   ≥ 65

    T1 220 Ref Ref

    T2 219 1.532(1.039,2.258) 0.031

    T3 197 1.821(1.204,2.755) 0.005

Gender 0.335

  Male

    T1 231 Ref Ref

    T2 238 1.355(0.929,1.977) 0.115

    T3 211 1.793(1.192,2.695) 0.005

  Female

    T1 122 Ref Ref

    T2 118 0.965(0.559,1.663) 0.897

    T3 139 0.959(0.563,1.635) 0.878

BMI 0.491

   < 24

    T1 202 Ref Ref

    T2 204 1.469(0.974,2.216) 0.067

    T3 202 1.533(1.004,2.340) 0.048

   ≥ 24

    T1 151 Ref Ref

    T2 152 1.025(0.644,1.633) 0.916

    T3 148 1.457(0.899,2.362) 0.127

Smoking 0.72

  Yes

    T1 95 Ref Ref

    T2 118 1.205(0.675,2.153) 0.528

    T3 90 1.757(0.928,3.327) 0.084

  No

    T1 258 Ref Ref

    T2 238 1.305(0.904,1.884) 0.155

    T3 260 1.401(0.968,2.028) 0.074

Alchohol 0.799

  Yes

    T1 94 Ref Ref

    T2 116 1.100(0.619,1.953) 0.746

    T3 81 1.662(0.858,3.220) 0.132

  No

    T1 259 Ref Ref

    T2 240 1.314(0.911,1.894) 0.144

    T3 269 1.440(1.000,2.075) 0.05

PAD 0.367

  Yes

    T1 263 Ref Ref

    T2 266 1.1107(0.777,1.578) 0.573
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Subgroup analysis and exploration of interactions is 
critical for clinical research, to better understand the 
actual relationships between independent variables and 
dependent variables. In this study, these factors, includ-
ing age, sex, BMI, smoking, drinking, PAD and duration 
of diabetes, were taken as stratified variables, and more 
pronounced effects were observed in participants with 
age ≥ 65 years, duration of diabetes more than 10 years, 
or in males, or without PAD. The results demonstrated 
that patients who were elder and had longer duration of 
diabetes were more predisposed to develop more severe 
diabetic foot ulcers. A prospective cohort study con-
ducted by Chu, Y.J., et al. reported that those who were 
more than 70  years were considered as an independent 
predictor of re-amputation, mortality and functional 
decline in daily life [36]. The results of our study found 
the severity of PAD did not interact with the associa-
tion between TyG and severity of DFUs significantly, 
although more pronounced effect of TyG on DFUs can be 
observed in patients without PAD. We hypothesize that 
there were more confounding factors in patients with 
PAD, such as more complications, interventions, and uti-
lization of drugs related to hyperlipidemia, hypertension, 
and antiplatelet, which would attenuate the relationship 
between TyG and severity of DFUs in PAD subgroup. The 
current studies suggested that diabetic foot and amputa-
tion prevention strategies should focus on men, working 
freelancers  and  those with long-term  diabetes [37–39]. 
Increasing knowledge with regard to diabetic foot would 
help avoid further complications and reduce the occur-
rence of DFUs. On the whole, based on subgroup anal-
ysis, the TyG index appeared to be more sensitive for 
predicting risk of diabetic foot ulcer in elder male indi-
viduals, suggesting it may be promising for screening risk 

of future diabetic foot ulcers, Therefore, systematic and 
individualized education should be provided to improve 
the self-care practice related to diabetic foot prevention 
in patients with diabetes to avoid further poor outcome.

The strength of this study is that we use an available 
and inexpensive biomarker to explore the relationship 
between TyG index and the severity of diabetic foot 
ulcers based on large populations. Nonetheless, this 
study also has some limitations. First, this study is a ret-
rospective cross-sectional observational study. Given that 
TyG index levels may vary over time, the dynamic TyG 
index should be measured in the following clinical work. 
What’s more, due to the cross-sectional study, we could 
not determine the causal relationship between TyG level 
changes and PAD occurrence. And we provide a reason-
able hypothesis that most PAD patients administered 
hypolipidemic or antiplatelet agents to manage of lipid 
levels to prevent further advancement of arteriosclero-
sis. These two factors may lead to the higher lever in TyG 
Tertile1 and no interaction between PAD subgroup. Sec-
ond, HIEC, the gold standard method for measuring IR, 
was not used to compare with the TyG index. However, 
a large number of studies mentioned above have demon-
strated the relationship between the TyG index and IR, 
as measured by the HIEC. Third, other confounding fac-
tors such as exercise habit, nutritional status and medica-
tion were not included in the model. Fourth, limitation of 
sample size may account for no significant difference in 
the interaction between TyG and other variables.

Conclusion
In conclusion, we found higher triglyceride glucose index 
is independently associated with severity of diabetic foot 
ulcers in individuals with diabetes even after adjusting for 

Table 3  (continued)

Variables No. of participants adjusted OR(95% CI) P P for interaction

    T3 227 1.299(0.889,1.898) 0.176

  No

    T1 90 Ref Ref

    T2 90 1.749(0.936,3.266) 0.08

    T3 123 2.111(1.152,3.869) 0.016

Duration of diabetes 0.773

   ≥ 10 years

    T1 240 Ref Ref

    T2 245 1.339(0.925,1.939) 0.122

    T3 249 1.515(1.035,2.217) 0.033

   < 10 years

    T1 113 Ref Ref

    T2 111 1.080(0.614,1.900) 0.79

    T3 101 1.445(0.797,2.622) 0.226
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conventional risk factors. In this instance, TyG index may 
serve as a helpful tool in the assessment of DFUs. Fur-
thermore, the potential mechanism of the relationship 
between the TyG index and the severity of DFUs requires 
further prospective large-scale exploration.
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